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The purpose of this experiment is to investigate how 
normal and increased sunlight affects both indigenous and 
non-native species in Southern California’s chaparral 
ecosystem. Encelia californica and Nicotiana glauca were 
chosen as representative native and invasive species 
respectively. The electron transport rate (ETR) of the two 
species are expected to be higher at 2400 PAR 
(photosynthetic active radiation) than at 2000 PAR. The 
ETR between the two species is also expected to be 
different. The difference between species is important for 
understanding the advantages and disadvantages of species 
dependent on sunlight exposure. The ETR was measured 
using a Li-Cor 6400 which could also alter the PAR 
exposure. The data showed a significant increase in ETR 
for both species at the higher PAR but showed no 
significant difference between the two species. 
Abstract	  
Introduc?on	  
For this experiment, it was necessary to ensure that a wide variety of variables could be held stable in our evaluation 
of each species. To accomplish this, we utilized a Li-Cor 6400 gas exchange monitor that is capable of stabilizing, 
monitoring, and altering every necessary variable for our experiment. To ensure that the plants used in this 
experiment were not subject to varying conditions during development or adulthood we selected 6 plants of each 
species within a hillside area of approximately 100m2. Additionally, we tried to select plants in similar 
developmental periods to negate the impact of changing photosynthetic activity during different stages of growth. 
The bulk of our data was gathered and  processed by the Li-Cor 6400 itself, so the main task for our group was 
discerning significance from the acquired data. Differences between low and high intensity sunlight, as well as 
differences between species at a given light level were the focus of our investigation. The measurements carrying 
the majority of our significance in this experiment were qN/qP (non-photochemical  quenching), Fv’/
Fm’ (fluorescence), and PAR itself. These measurements allow us to relate our data to ETR (electron transport rate) 
which is the ultimate focus of the experiment. We used a student’s t-test to evaluate the significance of our data. To 
acquire data, the Li-Cor was calibrated to produce a PAR value of 2000 to replicate normal sunlight and 2400 for 
intense sunlight.  
 
Materials	  and	  Methods	  
Based on our t-test, there was a significant difference between average ETR at 2000 and 2400 PAR for both E. 
californica and N. glauca, but no significant difference between E. californica and N. glauca at either level. The 
first result is as expected, since the plants are receiving more light energy. Our group hypothesized that there would 
be a statistically significant difference in the way each plant responded to increased radiation, as N. glauca is an 
invasive species less specifically adapted to the chaparral ecosystem conditions. However, it turns out that each 
plant adapted very similarly to an altered PAR level. This means that while we can make inferences about how each 
species might perform individually in intense sunlight, based on our results we cannot make any predictions about 
how interspecific competition between the species might change due to a long term change in PAR. A wider variety 
of PAR’s investigated, or a wider variety of individuals tested at these same PAR’s might have offered greater 
insight into the interspecific competition between the two. Additionally, performing this same test on a wider variety 
of species could aid our understanding of the complex relationships between native and invasive species. Our 
findings are in concordance with those of a study conducted in 2009 including both E. californica and N. glauca. 
(Funk et al. 2009) While this study included a larger variety of variables and species, it observed the same similar 
responses by N. glauca and E. californica in Fv’/Fm’ to a change in PAR. 
  
 
Results	  
Conclusions	  
The ETR of E. californica and N. glauca are higher at a 
PAR of 2400 than a PAR of 2000. 
 
There is no significant difference between the ETR of E. 
californica and N. glauca at either a PAR of 2000 or a 
PAR of 2000. 
 
As the climate changes and plants are exposed to 
increased radiation, the photosynthetic rates of these plants 
will increase. This could imply a less diverse ecosystem 
that favors these plants. Further research could take a 
comprehensive look at what types of plants, native and 
non-native, will most likely thrive in an ecosystem with 
greater radiation and which will not. 
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In a period of unprecedented drought for California, both 
invasive and indigenous species are under a great deal of 
environmental stress. When plants are exposed to sunlight, 
not all of the energy imparted by the sun can be converted 
into photosynthetic energy. Instead, much of this energy is 
almost immediately dispersed by fluorescence to prevent 
radiation damage to the leaf.  A comparison between PAR 
(photosynthetically active radiation) and ETR (electron 
transport rate) can accurately detail the amount of 
available radiation energy converted to photosynthetic 
energy. PAR measures the number of photons that fall 
within a suitable range for photosynthesis striking the leaf 
in a given span of time. Electron transport rate measures 
the number of electrons moving between the plant’s 
photosystems in a given span of time, thus elucidating the 
rate of photosynthesis. In our experiment, we compare 
ETR in two species at two different PAR levels. Nicotiana 
glauca, also known as tree tobacco, is an invasive species 
that has potential to outcompete slower growing native 
species. Encelia californica is a sagebrush species specific 
to California and the Santa Monica mountains. It requires 
full sunlight to thrive, so individuals are at risk of being 
outcompeted for sunlight by faster growing invasive 
species. The goal of this experiment is to investigate how 
intense sunlight affects the photosynthetic activity of adult 
N. glauca and E. californica respectively. We 
hypothesized that there would be a notable difference in 
how N. glauca, an invasive species, and E. californica, a 
native chaparral species, responded to a change in PAR.  
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Fig.	  3	  two-­‐tailed	  unpaired	  t-­‐test	  comparing	  	  
Encelia	  californica	  and	  Nico%ana	  glauca	  
at	  2000	  PAR	   p>0.4	  
at	  2400	  PAR	   p>0.8	  
Fig.	  4	  one-­‐tailed	  paired	  t-­‐test	  comparing	  2000	  PAR	  and	  2400	  PAR	  
E.	  californica	   p=0.019	  
N.	  glauca	   p=0.009	  
PAR	   mean	   st.dev	  
E.	  californica	   2000	   107.234	   +/-­‐	  47.15	  
2400	   214.313	   +/-­‐	  45.32	  
N.	  glauca	   2000	   147.539	   +/-­‐	  13.20	  
2400	   206.025	   +/-­‐	  39.67	  
Fig.1	  ETR	  of	  E.	  californica	  and	  	  N.	  glauca	  at	  2000	  and	  2400	  PAR	  
The	  difference	  in	  means	  of	  ETR	  between	  species	  was	  not	  significantly	  significant	  (p>0.4;	  fig.	  3)	  at	  either	  exposure.	  
The	  difference	  in	  means	  of	  ETR	  was	  significant	  for	  each	  species	  at	  different	  levels	  of	  PAR	  (p<0.02;	  fig.	  4)	  
	  	  
Fig.	  2	  means	  and	  st.	  dev	  of	  ETR	  
